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concentration over the exposure duration (averaged over a year or mon:), and arc not intended to be 

compared to a 24-hour average concentration (US t:P A. :!<)I 0\ rhc annual average TSP values l(lr the 

three monitoring stations (maximum of 2.48 pg!tn3t arc much lower than the 24-hour (maximum or 25 

~1g/m 1 at the Water Plant monitoring station) or month I) (maximum of 6.8 pglm 
1
) averages. rherefore. 

compnrisons of24-hour and monthly averagl.!s to chronic M n toxicity critl.!ria overestimate potential risks 

from Mn. Further. as discussed in the previous section. the Mn coneentrntions reported in the IIC include 

both respirable and non-respirable Mn. Consideri ng only the estimated annual average PM 10 

conccntr<•tions (as discussed in Section ::!.2. based on estimates of the fraction of PMw in ISP) results in 

Mn concentrations that arc less than, or only slightly greater than, the draft 1\TSDR MRL of0.3 pgi m
1

. 

As an example of how comparisons to 24-hour averages in the IIC overestimate risks. the IIC 

notes that "The rnngc of daily concentrations of manganese detected at the Water Plant is within the lower 

range of those reported in occupational studies of chronic exposures." The HC appears to he comparing 

the maximum 24-hour rSP Mn concentrations measured at the Water Plant (25 ~g/m3) to the lowest 

chronic value they list for subtle neurological effects in occupational studies (27 pglm 1) (note that 25 

pg/m3 is below, nnd not within. this range). Our first argument with this statement is thnt the source of 

the 27 ~tg/m1 value is not provided by ATSDR and is unclear since the occupational studies consistently 

indicate that neurological effects are not associated with exposures at or below 60 pg/1111 (sec Appendix 

A). Secondly, comparison of a chronic exposure level to a 24-hour measurement is not appropriate. As 

shown in Table I of Appendix B in the HC (for the year where the 24-hour maximum TSP Mn 

concentration was 25 pglm\ the annual average concentration was more than ten times lower (2.2 

pg!rn·\ and well below concenlrations where subtle neurological effects have been observl.!d in 

occupational studies (greater than 60 ~glm 1• see Appendix A). 

furthermore. if the data in Table I of Appendix B of the I IC are averaged from 1999-2009 to 

estimate a I 0-year chronic exposure concentration. the concentration is 1.63 pg/nr1 TSP Mn, which, if one 

estimates the PM 10 fraction (as discussed in section 2.2), results in an estimated long-term average chronic 

rcspirnhle exposure concentration equal to the clrnli ATSDR MRL of0 . .3 pg/m' . Comparisons ofto:-.icity 

criteria to long-term averages and annual avcrages7 are critical to evaluating potential risks from Mn. 

' See do.:tinilion for chronic c\posun.:s. Chronic c~posurcs an.: delincJ n~ "Rcpcalcd c:-.poMII"C hy thc oral. dcr111al. or inhalalion 
mute l(lr nwrc than uppro.\imulcly I 0° o oflhc life ~ran in human~." \1 hkh is I) pically con,idcn:li Ill he more I han 7 y em,. 
" \I ole I hal thc nw\imum ;nmual a\cr<~gc I Sl' 1\ln cnncenlr.tllnn (2.-IR II !!f ill 

1
) ""~ lhlln mon: than I 0 ycars ago ( 1999). 

1 
Annual averages an: important for considering suhchronic ri~ks. i.e .. lh11n suhchronic c.\posurcs I hal :1rc "morc 1han 30 days. up 

to appm,imatcly IO"ooflhc lilc span in humans" (lJS El'i\. 2010). 
(i Pu"J«b zu••lh~_B~II\In re"tPrt\( 
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2.1.3 Usc of more current toxicity in formation on M n results in higher tox icity criteria values 

that are still health protective 

2.1.3.1 Overview of chronic inhalation toxicity cr·itcria 

Chronic inhalation toxicity criteria are ~stimares of continuous inhalation c:-..posure concentrations 

for individuals (including sensitiv~ subgroups) that represent negligible. if any, risk for adverse health 

effects during a lifetime (US EPA. 2010). Regulatory agencie'> ha"c diffcn.'nt names for -;uch criteria. 

nlthough the valul!s are derived using similnr methodologies and arc applied similarly in making decisions 

to manage risks from chemicals. For example, the US EPA inhalation criteria arc termed as "RfCs;" 

ATSDR inhalation criteria terms them as "MRLs;" and California I:PA inhalation criteria term them as 

"reference exposure levels (RELs)." These toxicity criteria arc established hascd upon policy decisions to 

purposdy set criteria well below any level in which observable adverse human health effects can be 

identified. For c:-..ample. the current US EPA Mn RfC (0.05 ~1g/m1} is set at a level which is 3000 times 

lower than the levd in which subtle neurological effects have been observed (US EPA, 1993). 

fhesc toxicity criteria are derived from scientific studies in animals or humans. using either no 

observed adverse e!Tcct levels (NOAELs) (i.e., exposure levels at which no statistically significant 

increases in adverse effects are observed between exposed and unexposed populations). or on lowest 

observed adverse effect levels (LOAELs) (i.e., the lowest exposure levels where significant effects have 

been observed). Toxicity criteria are typically derived by dividing the NOAELs or LOAELs by 

uncertainty factors (UFs) to account for various uncertainties in the studies used as the basis of the 

toxicity criteria. Agency policy is typically to usc a reliable NOAEL if one is available. Thus. as noted 

above, inhalation toxicity criteria arc developed to be well below concentrations that have been observed 

to cause adverse health effects. 

2.1.3.2 Mn chronic inhalation toxicity criteria 

In 1993, US EPA published an RIC of0.05 pg/m 1 for Mn. As described in their Integrated Risk 

lnfonnation S)stcm (IRIS) summary for Mn (lJ, EPA. 1993}, the RfC is based on observations of subtle 

neurological effects in workers exposed to an average of 150 pg!m' respirable Mn for an average of 5.3 

years (Rocls eta/., 1992).K The IRIS summary delines the exposure concentration of 150 ~tg/m3 as the 

LOAEL from the study. To derive the RIC, US EPA adjusted the LOAEL (which was based on at) pical 

~Note tllatmangancsc is not consiucrco u hunwn c;trcinogcn hy LIS EI'A ( I <J93). 
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occupational exposure timeframe of 5 da:,.s!week X houro; 'day) to reflect continuous exposure over a 

litctimc (7 days/\\eel-.. 2q hours/day. for 70 years>''. and then divided this \alue by UF!-> (a total lJF of 

1 000) to account for: 

• 
• 
• 

Scnsitive populations (UF I 0): 

Usc of n LOI\ EL as opposcd to a NO/\ I:L ( lJ F 1 0): nnd . 

Database limital ions. including th~o: usc of a subchronic ~tudy (lcss than 7 ycars in 
duration). lack of dcvclopmental data. and potential differcnces in to:-..icit:,. of differcnt 
forms of manganese (e.g, Mn oxides rs. Mn sulfates) (lJF 10). 

Applying these adjustments to the 150 ~tgim' L0/\1:1. resulted in an RfC of0.05 ~tg11n 1• Thus, 

the RfC is 3000-fold lowcr than the level of Mn at which subtlc neurological cffects were observed in 

workers in the study by Rods and coworkers (Rods e1al . 1992 ). 

There have been significant developments since the Rocls e1 a/. study in 1992, including 

numerous Mn epidemiology and toxicology studies published in the scientific literature that support a re­

~:valuation of thc Mn Rft. These data arc -.ummarii'ed in Appendix 1\, along with a summa!) of recent 

rroposed nnd draft Mn inhalation toxicity criteria. Revisions to th~.: Mn Rft would result in a higher 

value that is still health protective. For example. 1\TSDR (2008) proposed a draft MRL of 0.3 ~tg/mJ. 

California EPA (OEIIHA. 2008) proposed a drnll Mn inhalation reference exposure level (REL) of 0.09 

pg/m1
. Bailey eta/. (2009). inn peer-reviewed publication of which I am a co-author, proposed a revised 

RfC of2 - 7 pg/Jn 1. Finally, two additional peer-reviewed studies, summarized by Andersen el a/. (2010) 

and Clewell (2010). indicate that inhalation of Mn docs not result in increased brain concentrations in 

adults, chi ldren, newborns. or fetuses. until the inhaled (PMw)111 concentration exceeds 10 ~Lg/m1 (chronic 

exposure concentration). Since these peer-reviewed studies suggest that brain concentrations arc 

unchanged at exposure concentrations as high as I 0 tJ.g/m '. it is unlikely that neurological effects will 

occur below I 0 pgim'. providing additional evidence that the recently proposed inhalation to:-..icity criteria 

(I\ TSDR. 2008; OEI II lA . 2008; Bailey el a/., 2009) arc health protective. 

It is unclear why 1\ TSDR docs not discuss comparisons to its own drall MRL of 0.3 pg/m 1 

(ATSDR, 2008) other than to present the value in Figures 21 -23 of the IIC as pari of a comparison to 

monthly and 24-hour averages. Comparison to the proposed MRL should have been discussed in the text 

and shou ld have been given mon: weight as part of drawing conclusions from the East Liverpool data 

since the proposed MRL is based on an evaluation of more recent epidemiology and toxicology data. Sec 

·• 150 pg/m 1
' I 0 m 1/d I 20 nr1/d x 5 d:t) s 17 days= 50 1•g/n1 1 (tiS FPA. 191)3). 

111 PM 111 particulate maHer 11 ith lliamcler nf less than or C\tual 10 1 ()microns ' 
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Appendix A.?.. I and A.?..6. In addition. as discussed above in Section :!.I.?.. comparisons should be made 

to annual <lverages and not ?.·~-hour or monthly averages (lJS I:PA. ::!0 1 0) as ATSDR did in the I IC. l"he 

presentation of results in Figures 21-?.3 is misleading. particularly Figure 23. \\hich sho''" dail) values 

from the Water Plant monitoring station compared to the current and propost.:d MRL. FU11her, as 

dis~.:ussed above (Section 2.1.1) and in more detail in Section ?..::!. the II(' docs not consider the rc::.pirablc 

fraction of the data, which leads to an oven.:stimntc of Mn concentration<; in East Liverpool. 

fhe IIC needs to incorporate the current available information n.:garding. Mn inhalation to\icity. 

including A I"SDR's own recent draft Mn MRL, in developing conclusions and recommendat illllS f(w the 

East Liverpool community. Most impo11antly. these conclusions should be based on a comparison to the 

annual average rcspirnblc Mn concentrations, using multiple years of datn, and not 24-hour or monthly 

average TSP data. as A TSDR did in the IIC which resulted in an overestimate of risk. 

2.1.4 Recent M n occupa tional epidemiological studies prov ide a mo re reliable basis fo r 

inter r reting ambient Mn data than community s tudies 

A I though the IJC discusses certain epidemiology studies. several key occupational studies that 

wl.!rc avnilable during the time the t-IC was prepared (discussed in Appendix A of this report), are not 

presented. In particular, the HC focuses on the less reliable community-based studies as evidence for the 

ambient Mn concentrations as potentially being associated with neurological effects. As discussed in 

more detail in Appendix A. community-based studies are understood to be less reliable because such they 

rely on uncertain exposure charactcri7.ation with respect to both time, concentration and, typically, a lack 

of individual-specific data (Webster eta!. 2007; Gordis. 2008). Occupational studies arc generally rnore 

reliable for assessing dose-response relationships and should have been given more weight in ATSDR's 

analysis. In fact, occupational studies (not community-based studies) are tht.: basis of the current and 

recent Mn inhalation toxicity criteria put f011h by ATSDR. US EPA. and Calitornia EPA (see Appendix 

A). 

2.2 M n concent rations in a mbient air do not present a toxicologica l concern for 

individuals living in the East Live rpool community 

As outlined in this Section, the use of more appropriate annual average respirable air 

concentrations and current Mn toxicity data indicates that Mn in ambient air does not present a 

toxicological concern f(>r individuals living in the East Liverpool community. Further. without adequate 
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analysis of background concentrations of Mn in thi~ community, the HC inappropriately l(lcuses on S.H. 

Bell Company. 

2.2.1 The estimated anntml average Mn PM 111 conccntr.1tions arc well-below Mn TSP 

concentrations and .u·c more appropriate for usc in comparison to Mn inhalation toxicity 

criteria 

I o evaluate potential human health rbb from Mn in amhient uir m the La:-.t Liverpool 

community, I reviewed the 1999-2009 annual average TSP Mn concentrations presented in Appendix f3 

of the IIC (ATSDR. 2010). In addition. I reviewed 2010 average TSP Mn ambient air data (January­

September 2010) from OEPA (OEPA, E. Liverpool I Ieavy Metals I'SP Data, 2010). I abo used 2009 

(only Ql data were available) Mn PM 1u data from the PM 111 <>ampler at the Water Plant monitoring station 

from OEPA to estimate the percent respirable particulate Mn in the TSP data (OEPA, Water Plant Heavy 

Metals PM I 0 Data, 20 I 0). Although the respirable fraction is more accurately represented by PMdhan 

thl.! PM 111 fraction (particulate matter with size ranging mostly 5 microns or less) (Klaassen, 2008), and the 

avai I able PM 10 data represent only a small timeframe. the PM 111 data n:prcsent a reasonable estimatc for 

the respirahk Mn fraction. Additional PM 111 data (or PM,) would bcttcr confirm Mn eonccntrations in the 

respirable fraction. 

f-iltecn 24-hour Mn PM w samples were collected by OEPA. from January March 2009 at the 

Water Plant monitoring station. Fifteen data points provide a statistically sufficient dataset for analysis of 

this time period. Thl.! average PM 10 Mn concentration over that 3-month period was 0.15 pglm3
, and the 

overall average fraction of PM IIJ Mn in the TSP Mn was 20'Yo. Table I summarizes the PM 10 data from 

OEPA. I applied this 20% estimate to the annual average TSP Mn concentrations to estimate annual 

average Mn PM 10 concentrations for each monitoring station. shown in Table 2 [for example: 2.48 pglm3 

TSP from 1999 Water Plant '< 20°o- 0.496 ~tg/m1 estimated PM 10 concentrationl. 

I compared the estimated annual average" Mn PM 10 concentrations to both the current and 

proposed Mn RfCs and MRI.s. Comparisons from all three monitoring stations are presented in Figure I. 

11 Although a c·omparison to annual m crages is appropriat..:, long-term av.:ragcs should also be considered. and arc I) pkally 
uti lit.:d Ill derive chronic ltl\ icity critcriu. 
(, IPfl'fl."Cb,:lPIIt.M Udl\ln TI.!'\IPrl'"-
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ATSDR MRL 

(2000) 

Figure I Estimated Annual Average Mn PM 10 Concentratinns (J.1g/mJ) Compa red to the 
Cu r rent :tnd Proposed Mn IUCs and M RLs. 

As shown in Figure I, although some of the estimated annual average PM 10 concentrations for the 

Port Authority and Maryland i\ vc monitoring stations slightly exceed the US EPA RfC and current 

ATSDR MRL. all air concentrations for these stations arc below the draft i\TSDR MRL. For the Water 

Plant monitoring station, some years slightly exceed the drall ATSDR MRL. whereas other years an! less 

than or equal to the draft M RL. i\ II of th~.: values art! below the Mn R It' proposed by the peer-reviewed 

study by Bailey eta/. (1009). and well below the potential threshold of I 0 ~tg/rn3 for accumulation of Mn 

in the brain as also repor1ed in the peer-reviewed study by Andersen et a/. (20 I 0), and in a recent 

presentation by Ckwell (20 I 0). 

In addition. as discussed in section 2.1, ifTSP data for each station are averaged over 1999-20 I 0 

to estimate an I 0-year chronic ex posure concentration, the concentration is 1.62 ~tg/m 1 TSP Mn. which, i r 
one estimates the PM 1n fractio11 (20% of TSP). results in an estimat~.:d long-term average chronic 

respirable exposure concentration equal to the draft i\TSOR MRL of 0.3 pg/rn1
• i\s discu-;scd. 

comparisons of toxicity criteria to long-tcnn and annual averages arc important in evaluating potential 

risks from M n. 
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1-'urthennore. it is important to consider thcst! concentrations in the context or background 

concentrat ions. as discussed nbove. Bnckgrouncl concentrations or M n in the r:nst Liverpool air can range 

from 0.03 to 6.2 pg/m' TSP (2-l-hr average basis), based on examination of Water Plant monitoring 

station monitoring and metl!orological data from 2006 through SqJtember 20 I 0 (OEP /\, E. Liverpool 

!Ieavy 1\ih:tals TSP Data, 2006- 2010). The ;\TSDR !IC docs not discuss the conccntrntions in the East 

Liverpool air in the context of background concentrations. Again, wi thout adequctte analysis of 

background concentrations of Mn in this community, the HC inappropriately tocuses on S.ll. Bell 

Company as a potential ~ou rce. 

2.2.2 Because of the health protective assumptions in the RfC and the MRL, exceedances of such 

criteria should not be taken as evidence of increased risk 

Whih.: Figure I shows some cxcct!dances of the current and draft ATSOR Mn inhalation toxicity 

values, the majority of the annual average estimated respi rable Mn concentrations are below the draft 

1\TSDR MRL, with any cxcecdances on ly slightly above the draft val ue. In this context, it is important to 

understand the appropriate interpretation of cxcecdances of chron ic toxicity values. 1:xceedance of a 

chronic toxicity value (such as an RfC or chronic MRL) does not indicate that any one individual is al 

elevated risk. That is, chronic toxicity values that include uncertainty fctctors and assumptions of 

continuous exposures, such as 1\TSDR MRL and US EPA RfC, arc not intended to be an exact line above 

which toxic ~.!~Teets will occur and below which no effects will occur. US EPA has explained that toxicity 

criteria published in their IRIS database cannot be used to predict whether or not an adverse health effect 

will occur: 

In general, IRIS values cannot he validly used to accurately predict the incidence of 
human d isease or the type of effects that chemical exposures have on humans. This is 
due to the numerous unce1iainties involved in r isk assessment, including those associated 
with extrapolations fi·om animal data to humans and fi·om high experimental doses to 
lower environmental exposures. The organs affected and the type of adverse eflcct 
result ing t'rom chem ical exposure may differ between study animals and humans. In 
addition, many f(tctors besides exposure to a chemical influence the occurrence and 
extent of human disease. (US EPA. 2005) [emphasis a deled I 

1\TSDR includes a similar discussion in descri bing M RLs: 

These substance-sreci fie estimates [M RLs 1. which nrc i ntcnded to serve as screening 
levels. arc used by ATSDR health assessors to idcnti ly contal'ninants and potential health 
cflccts that may be of concern at hazardous waste sites. It is important to note that 
MRLs are not intended to define clean-up or action levcls . . . MRLs are derived lor 
hazardous substances using the no-observcd-advcrse-et'tect level/uncertainty factor 
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approach. l"hey arc helow level · that mi~ht cause :tthcrse health effects in the people 
most sensitive to such chemica l-induced effects. Exposure to a level above the MRL 
docs not mean that adver se health effects will occur. (1\TSDR. 2008) [emphasis 
aJdcdl 

Therefore. by using the more rel iable estimate o f concentrat ions of re~pirable Mn in ambient air 

in the East Liverpool community; while considering the more recent nnd more scientifically supported 

M n inha lation toxici ty values and potential thn:sho ltl for im:reased concentration of Mn in the bra in; as 

well as how one ~hould apply chronic toxicity value<; to mal..c risl.. management deci'iions (i.f!., 

comparison of critcria to annual average concentrations. not 24-hour or monthly averages, and to 

respirable. not TSP, Mn conccntrations). I conclude that M n concentrations in ambient air do not present 

a toxicological conccrn for individuals l iving in the East Liverpool community. 

2.2.3 T he estimated multi-ye~tr annual average Mn J>M 10 concentrations do not support a need 

for a survey of neuro-degenen1tive disease in East Liverpool 

1\TSDR's conclusions are not consistent with the current undc.:rstanding of M n toxicity, nor arc.: 

they consi-;tent with how chronic toxicity values (R fCs and chronic M RLs) should be applied to risl.. 

management decisions. In the HC, ATSDR inappropriately compares 24-hour and monthly TSP Mn 

com:entrations to chronic rcspirable toxicity criteria, which results in an overestimate of risk from Mn. 

Instead, based on the East Liverpool ambient air datn, there is no sound scientilic basis for recommending 

evaluation of "incidence of neurodegenerative diseases in the East L iverpool community ... as an indicator 

of health impacts fi·om exposure to manganese." Based on the very low concentrations of ambient Mn in 

the communi ty (no higher than an annual average of 2.5 pg/m 1 TSP), and considering the estimated 

annual average concentration in the respirable (PM 10) fraction (less than to only slightly greater than the 

draft 1\TSDR M RL ofO.J ~tg/m1, ranging from 0.1 to 0.5 ~tg/m1 at the Water Plant monitoring station), as 

wcll as current information on M n toxici ty suggesting that concentrations higher than the RfC (possibly 

as high as 10 llg/m 1) are still health protective, Mn concentrations in ambient air do not present a 

toxicological concern for individuals living in the East L iverpool community. Furthermore. the annual 

avernge conccntrations necd to be considered in the context of typical hack ground Mn TSP concentrations 

in East L iverpool that range from 0.03 to 6.2 ~tglm' TSP (24-hr average basis). Thus. there is no reliable 

basis for 1\ rSDR's recommendation for a survey of neurodegcnerativc diseases in the r.ast Liverpool 

community. 
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Table 2 
Es timated Annual An•·age Mn PM 111 Concentrations (l-lg/lll3) at the East Li·verpool Air :\lonitoring Stations 

Water Plant Pori Authority i\lan·land A ve 

Year E~limated "/., 
P~l 10 Mn ofTSP 
i\ ln TSP P~l10 TSP P~I IO TSP P~l 10 

1999 0.:! :!AS 0.496 OA66 0.093:! 
2000 0.2 1.53 0.306 0.669 0.1338 
:!001 0.:! 0.65 0.13 0.273 0.05-t6 0.68 0.136 
2003 0.2 0.969 0. 1938 0.299 0 .0598 0. 1-W 0.0288 
:!00-t 0.:! :!.13 0.426 0.533 0.1066 0.238 0.0-176 
2005 0.2 1.97 0.39-t 0.30 1 0 .060:! 0.185 0.037 
2006 0.:! 2.216 O.-t-t32 0 .-tSS 0.0976 0.32 0.06-t 
2007 0.2 1.88 0.376 0.-133 0 .0866 0.359 0.0718 
2008 0.:! 1.53 0.306 0.2 19 0.0-t38 0.17 1 0.03-t2 
2009 0.2 0.929 0. 1858 0.157 0.031-1 0.081 0.0162 
:!0 10 0.2 1.57 0.31 4 0.19 0.038 0.12 0.02-t 

G 1-'rOJC\.1)' :tNU.J>._Beii~IJ~ fc'\tP1~,'-
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Manganese Inhalation Toxicity Criteria 
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This appendix summari;:es the basis of the current Mn R!t' (US EPA. 1993). more recent Mn 

l!pidcmio logy and toxil:ology data, and more recent proposl!d and drart Mn inha lation toxicity l:r i teria 

based on the more recent data . 

A. I Current US EPA RfC from 1993 

In 1993, the United States Enviromm:ntal Protection Agency (US EPA) published a Re!i.:renc\! 

Concentration (RIC) of 0.05 ~tg/m; for mangam:se (Mn). As descl"ibed in their Integrated Risl-. 

In formation System (IRIS) summary f(>r manganese (US EPA. 1993), the Rf(' is based on observation<; of 

subclinical neurological effects in workers exposed to an average (geomcan) of 150 ~tg/m1 
respirable 

manganese lor an average of 5.3 years (Rocls era! .. 1992). The IRIS summary delines the exposure 

l:Oncentration of 150 ~tg/m1 as the LOM:L from the study. To derive the RfC', lJS EPA adjusted the 

LOAEL to reflect continuous exposure over a lifetime (7 days/week. 24 hours/day, for 70 years)
12

• and 

then applied uncertainty factors (UFs) to account for: sensitive populations (UF 10): usc of a LOAI:.L as 

opposed to a NOAEL (lJF 10): and, databa~e limitations. including the usc of a subchronie study. lad. of 

developmental data. and potential eli ITerences in toxicity of different forms of manganese ( lJ F 1 0). 

Applying these adjustments to the LOAEL resulted in an Rf'C of0.05 ~tg!m'. Thus. the RIC is 3000-told 

lower than the level of manganese at which subclinical effects were observed in workers in the study by 

Rocls and coworkers (Rocls e/ a! .. 1992). 

A.2 More recent proposed a nd d ra ft Mn inhalation cr iter ia 

Since 1993, there have been a substantial number of manganese epidemiology and toxicology. 

peer-reviewed studies published in the scientific literature that suggest a re-evaluation of the Mn RIC is 

necessary. 

A.2.1 Recent epidemiology data relevant to re-eva lua tion of the Mn IUC 

As summarized in our recent publication where we proposed a revised Mn RfC (Bailey et ol .• 

2009). we identified 12 Mn occupational studies of eight cohorts that were published after 1992 (Table 

A.1 ). These studies involved chronic e\poc;ure to pat1iculate Mn in air \-.here personal nir monitoring dma 

were used to estimate exposure, an unexposed control group was evaluated, and the exposed group was 

I! 15011g/m 1
\ 10m1/d/20 m 1/d,5da}sl7o..la)~ 50jlg/m 1 (ll~ ll't\.tWJ). 

/\-1 Gradient 



examined tor -;ubclinical ncurobehavioral ertects. predominantly effects on the motor system (typically 

visual reuction time. hand-eye coordination. and hand steadiness). These peer-reviewed studies an: 

described below. 

Additionally. although we describe both respirable and total Mn studit:s in Table A. I. all rt:ct:nt 

proposed and draft Mn inhalation toxicity crill!ria renee! respirable Mn l!xposure data. l'hc rcspirahll! 

particulate Mn fraction is more biologically rckvant than total manganese because respirable Mn particles 

arc capable or penetrating the lung tissue. while larger porticlcs arc trapped in tht: nasal and pharyngeal 

passages. do not penetrate the iung ti ssue, and do not enter the circulatioll (K laassen, 2008). As shown in 

Table A.l. tivt: studies evaluated total. rather than respirable. Mn (Chi a eta/ .• 1993; Lucchini eta/., 1995, 

1999; Crump & Rousseau, 1999; Myers eta/ .. 2003). The LOAELs in these studies ranged ti·om 96 to 

1,590 ~tg/m;. Since exposures in these studies do not renect the biologically relevant respirable fraction 

of particulate Mn. these studies were not considered for re-evaluation of the Mn R fL. 

Further, the occupational studies shown in Table A. I typically report Mn exposure concentrations 

1n arithmetic mean, geometric mean, median. or a combination of these statistics. We consider the 

arithmetic means to be the most relevant lor exposure estimates based on studies suggesting that the 

arithmetic mean provides a better summarization of group exposure with regard to a dose-response 

relationship, and is therefore more appropriate f'or use in r isk assessment (Clewell el a/., 2003; Crump, 

1998). In cases where arithmetic means were not available, we present the geometric mean or median 

value. 

Three chronic studies of respirable Mn were identifit:d from which no observed adverse effect 

levels (NOA ELs) could be derived (Gibbs et a/.. 1999; Deschamps et ul .• 200 I: Young er a/., 2005). 

Gibbs et a/. ( 1999) conducted a study of 75 Mn-cxposed workers at an alkaline battery plant in northern 

Mississippi with no known history or occupational exposure to Mn. The mean Mn air com:cntration in 

respirable dust in exposed workers, measured by personal air monitors. was 66 ~tg/m ;. The mean 

exposure duration was 12.7 years. Subjects were administered multiple neuropsychological tests, 

including hand-eye coordination, hand steadiness. complex reaction time, and rapidity or motion. No 

significant effects of Mn exposure were found on any neurobehavioral test. indicating in a NOAEL of 6(, 

pg/1113. 

Deschamps et a/. (200 I ) conducted nt:urobchavioral examinations in 138 enamels-production 

workers exposed to Mn tor an average of 19.9 years and 137 matched technicians from public service 
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c.:mployers or local municiral operations laborers. rhe mean respirable Mn exposure concentration was 

57 pgtm
1

, with a maximum concentration of 293 ~tg/m1 
in exposed workers based on personal monitor 

measurc.:ments. lh: authors conducted <tcvend neurological tests. induding: sensor) and motor t.:\am of 

cranial m:rvcs: fine-tout.:h. motor, and ~ensory exam of power of all main muscle groups: reflex tests: 

caebdlar ahnormalities: tests of domain-. of '>pcech regulation and initiation. attention, concentratron and 

memory, cognitive llexibility. and affect: and a questionnaire for neuropsychological statu-.. Some of the 

sell:.reported neuropsychological effects were higher in the exposed group !i. e., asthenia ( lack of energy 

and o.;trength). sleep disturbance. anu ht!adachcl. but the authors indicated that these non-specific 

symptoms may not b~: exposure related. based on possible low Mn blood levels in these individuals. Only 

one neurological test (the visual gestal t te~t) score \>vas higher in workers exposed to Mn for 11 to 15 

years, but the authors attribute this to the higher technical skills of thi s group ofsi:.. workers. In audition, 

there was a le1ck of a dose-response relationship f(1r this effect. since no statisti~:ally significant cfTech 

were noted in the tour people exposed 16-19 years or the 69 people exposed for 20+ years. Based on 

these results, the authors concluded that " long exposure to low levels of Mn . .. showed no significant 

disturbance of neurological pcrlormance." J'his study indicated a Mn NOAI:L of 57 pg/m
1 

• 

Younger a! (:WOS) conducted a :-.tudy of 509 South African Mn-exposcd smelter workers and 67 

unexposed electrical assembly plant '"orkers as the control group. Respirable Mn e:..posures. from 

personal samplers. ranged from 3 to 510 pl:Vm 
1

, with a m~:dian of 58 pg/111
1

. The authors evaluated 

several neurobehavioral endpoints, including endpoints from the Swedish nervous system questionnaire 

(Q16): the World llealth Organi:tation neurobchavioral core test battery (WIIO NCTl3): the Swedish 

performance evaluation system (SPES): the Luria-Nchraska (LN): the Danish Product Development 

(DPD) lest batteries: and a brief clinical examination. The study found "few respirable Mn effects 

showing a clenr continuity of response with incr~:asing exposure." They observed dose-response 

associations primarily with exposures less than 100 ~tg/m3, above which the relationship was tlat. The 

mrthors concluded that the study was essentially negative and thnt "the small number of convincing 

effects. especially motor function effects. and the character of the exposure-n.:sponse relatiom;hips where 

effects w~:rc observed in th is study suggests that thes~: ar~: due to chance." Although these data arc not as 

reliable as those repor1cd in the Gibbs er a/. ( 1999 and Deschamps er a/. (200 1) studies. a NOAEL of 58 

~tg/m' can be assumed based on the likelihood o f positive findings being due to chance. 

Mcrgler ef a/. ( 1 99-n eva luatcd neurological effects of 74 Mn alloy workl.!rs and 74 matched 

controls c.\ poscd for an average or 16.7 y~:ars to respirable Mn air concentrations ranging I rom I to 1.273 

pgtm'. with an arithmetic mean of 122 pg/m1
. rhe authors evaluated the Mn-cxposcd workers as n group. 
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without dividing the study subjects into diflcrcnt exposure concentration categories. and found that the 

exposed '"orkcrs pcrl(mm:d more poorly on tests of motor function. Oouchard et a/. (2006a.b) were 

l(lllow-up swdies of the same cohort after cessation of exposure, and some statistically significant 

neurological effects were observed. as shown on Table A. I. llowcver. because of the wide range of 

exposure concentrations for this cohort. it is di fticult to ascribe the observed clkcts to the mean of that 

exposure range, and therefore we conclude that this study docs not provide a rdiable bas is, as compared 

to the Gibbs et a/. ( 1999). Deschamps et a/. (200 I). and Young et a/. (2005) studies discussed above for 

re-evaluation of the Mn IHC. 

Finally, in a stud) by Hast-Petterson eta/. (2004). a large number of neuropsychological tests 

were carried out on I 00 Mn alloy plant workers and I 00 controls (silicon and rnicrosilica plant and 

titanium uioxide slag and pig iron plant worker<;) including tests for cogni tive functions: motor tests: tests 

of motor speed, grip strength, coordination, and reaction time: and a questionnaire to evaluate self­

reported neuropsychiatric symptoms. The average exposure concentration was 64 pg/m', ranging from 3 

lO 356 ~tgfln 1 . Of these tests, three of eight motor tests (tremor tests) showed significant effects in the 

exposed I'S. the control group. /\II cognitive tests and other neuropsychological tests were not 

s igni licantly diiTcrcnt, and there was no signi licant di ric renee in sel f·rcpo rted neuropsychiatric symptoms 

hetween the two groups. Selt:.rcported smol.ing habits did have an effect on tremor parameters. The lac!. 

of consistency among the tremor tests suggests that these findings arc not robust for use in deriving an 

RfC. 

Thus, the three most appropriate occupational studies for re-evaluation of the Mn RfL are the 

occupational studies by (j ibbs eta/. ( 1999) (NOAEL - 66 ~tg!m'). Deschamps el ul. (200 I) (NOAEL - 57 

~tg/m3). and Young eta/. (2005) (NOAEL 58 J.lg/m\ These studies all provide NOAEL values (as 

opposed to LOAELs, so a UF is not needed for use of a LOAEL); arc all chronic sllldies (greater than 7 

years in duration); the values are consistent across the three studies, which provides additional supp011 for 

the values: and individual exposure estimates are well-characterized in the studies. 

A.2.2 Community-based epidemio logy studies are not as reliable as occupational studies for use in 

re-evaluation of the Mn IUC 

Several recent epidemiology studies were identified in which ambient Mn air concentrations were 

evaluated from residential communities in a mining district in Mexico (Santos-13 urgoa et of .. 200 1; 

Rodriguez-Agudelo el at .. 2006; Sol is-Viva nco et a/. 2009; Riojas-Rodriguez et a/., 20 I 0) and near a 
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lcrromangancsc n:lincry in the US (Standridge et a/ .• 2008; llayncs et uf. 20 I 0). Thcs~.: comrnunit) -ba~ed 

studies. also rclcrrctl to as "~.:cological studies." c-.;amined pot~.:ntial associations bet\\ecn the mactganc-.c 

air concentrations in the comrmmitics and neurological effects in people living in thos~.: communiti~.:~. 

Ecological studies exam in~.: groups or individuals and assess '"hethcr the overall occurrence of di s~.:asc in 

the group correlates '' ith the overall occurrcm:c or ~.:xposurc ( Wcb-.tcr. 2007; Gordis. 2008 ). Important I). 

because exposure data from th~.:sc commun ity-based studies were not individually bas~.:d (i.e .. no personal 

air monitoring data were collected. as was done in the occupational studies discussed above). individual 

exposure concentrations arc not 1-..nown. Thcrcforc. any observed ncurnlogical cflc<.:ts cannot ncccs~aril) 

he attributed to mnngancsc air t:onccntrations in the cornrnunity. For this reason. as well as other~ 

de~cribcd in more detail below. these studies do not provide reliable evidence of an association between 

Mn and potential health cl'fi.:cts. In fact. all agency Mn inhalation toxicity criteria arc based on the more 

reliable occupational studies, and not ecological studies (1\TSDR. 2000. 2008: OEIII II\. 2008; US EPA. 

1993). 

In the Mexican mining district study, where a 3-month avcrag<.: PM 111 Mn concentration was found 

to be OA2 ~tg/m3, there were no statistically significant neurological effects for the majority of the motor 

control t~.:sts p~.:rlormcd by Rodriguez-1\gudclo et af. (2006) (I out of 2* tests was borderline statistically 

signilicant), and the cognitive impairment tests performed by Solis-Vivanco et al. (2009) (I out or 10 

tests was borderline statistically significant). Rodriguez-Agudclo et ul. (2006) observed a small 

association between position changes in hand movement and manganese air concentration and Solis­

Vivanco et uf. (2009) observed a small increase in poor performance on a digit-span attention t~.:st. 

Riojas-Rodriguez et ul. (20 I 0) observed intellectual functional impairment in a small group of children 

(n- 79) in the Mexican mining distr ict compared to children in nearby rural communities. llowever. there 

nrc fi.tctors other than the Mn air concentration that differ between children from the exposed and control 

communities that should be considered as part of interpretation of the observed effects in this study (e.g.. 

thert: is evidence of lower hemoglobin levels in the exposed I'S. control groups. The mothcrs in the 

exposed group showed a lower performance on the Raven IQ test compnrcd to controls. and more growth 

stunting was observed in exposed vs. control groups). These fnctors arc called confounders, if found to 

potentially influence the observed eflccts, and would need to b~.: considered for proper interpretation of 

the study n.:sults. 

The study by Standridge et al. (2008) observed a positive assot:iation between Mn levels in hair 

and postural balance in a small group of residents (n 22) living near a lcrromangnncsc r~.:linery in 

Southern Ohio. The Mn air concentrations in this community were estimated to range from 0.1 ~rg/nr1 to 

1\-5 Gradient 



. 
I 

. 
J 

~ pg/111
1 

total Mn. ll11.:re ar~ s~\cral problems with thi~ study. Similar to the l'vh:\ican mining distrkt 

studies, the exposures in this study arc not well-characterized. In addit ion, the 1\ampk size is wry small 

(the authors indicate that a study with a larger sample size is warranted). and the data arc total suspended 

particulate ( I'SP) Mn as oppo!>ed to respirable manganese. f-'urther. another study of the same residential 

community (!Ia) 111.:s ,., ul. ~0 I 0) found that hair Mn levels were only asc;ociated "ith estimated l'vln 

ambient air concentrations "hen genes f()r i ron metabolism were included. suggesting that furthn 

res~an.:h is needed into potential health eflects in the community. 

Several community-based studies were conducted from an area in southern Quebec where TSP 

24-hour Mn ambient air concentrations ranged from 0.009-0.035 pg/m 
1 

( l3aldwin et ul. 1999; Bcuter d a/. 

1999; Bowler e1 ul. 1999; Merglcr el a/. 1999). A !though the studies found some associations between 

increased levels of Mn in blood and neurological effects. increased Mn blood lcvclc; \\ere also associated 

with increased consumption of green leafy vegetables and high-manganese cereals. and decreased serum 

iron levels. Similar to the community-basl.!d studies discussed abovl!, the Mn exposures in these "ludic" 

are not well-characterized. Given potential cont<.wnding effects related to diet and low iron levels, and 

the lack of good Mn ambient air exposure information li.1r the individuals in the study, the observed 

effects cannot necessarily be allributed to Mn in ambient air. 

Importantly, the exposure concentrations measured in the communities in these studies are vef} 

low compared to the c:-.posure concentrations from the occupational studies discussed above. Although 1 

is desirable to conduct studies with low exposures to Mn in air, the more reliable and numerous 

occupational studies consistently observed no adverse neurological effects at concentrations equal to or 

less than 60 ~tg/m 1• Therefore the reported eth:cts in the community-based studies and the associated 

concentrations of Mn in air arc not consistent with what has been observed in the more reliable 

occupational studies.11 I conclude that the lew observed effects in the community-based swdies are not 

likely to be associated with the very low concentrations o f Mn in air. and are more likely due to chance or 

confounding factors. 

l3ecause of the limitations in interpretation of the community-based stud ies, and the inconsistent 

observations in these studies compared to the more reliable occupational studies, the community-based 

studies are not reliable to r re-evaluation of the Mn RIC. The preferential usc or Mn occupational stutliec; 

11 
While it i' C\liU.:eh,thlc that the gcncr.tl population 111:1) he more 'usccptiblc than \\llrkcr popul:llinns to the cllccLs of t-In. as 

tliscussed tat.:r in this rq)(u1. there is no reliable cvidenc.: that the )Oung. and other potcnti:tll) scnsiti\c populations. ar..: 
~i!!nilicuntl} more susceptible to Mn than 11 nrkcr populations. 
(, f1 flljt."lh ~H'tlt.)( Ocll\tu l l'\ll)h,t.: 
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over ecologil:al studies. fi.>r purposes of deriving toxicit) criteria. has been demonstrated by seventl 

regulatory agencies (ATSDR. 2000. 2008: 01 'IIIlA. 2008: lJS I .P A 1993 ). 

A.2.3 l~ccent developmental data relevant to re-eva luat ion of the Mn RtC 

Since 1993, several Mn inhalation studies have been conducted in animals to addr..:ss the potential 

for devdopmental cf'lccts (Dorman eta/.. 2005a.b: Erikson el ul .. 200.5: HaMai el al .• 2006). The lowest 

conecntration whcn: an ef'lcct was observed (decr~ased livcr weights in male offspring at post natal day 

(PND) 63) wns 500 ~tg/m 1 (Dorman el al., 2005a). Livcr weights at the high dose (I mglnt1
) were not 

decreased at this time point. although they were decreased on PND 19. Since the decrease in liver weight 

does not appear to be dosc-depcndent and resolves at thc highest dose by PND 45. this endpoint is of 

questionable significance and may not be treatment-related. The other Dorman study (Dorman et ol .. 

2005b) resulted in a NOA EL or I mg/n1'1 based on a lack of clinical fetotoxicity in rats. Another study 

observed decreased expression or inflammation-related genes in the brains or rats exposed to 700 ~lg/m.l 

during ge~tation or early adulthood (llnMai 1!1 a/.. 2006). 

Eribon e1 al. (2005) ex.posed neonatal rats to 0.05, 0.5, or I mg MnSOim1 during gestation 

through PND 18 (except for the period when parturition was expected to occur). I hree weeks post­

exposure, rats were sacrificed and metallothionein and glutamine synthetase rnRNA levels, and glutamine 

synthetase and glutathione protein levels were measured in five brain regions. While changes were 

observed at some doses in some brain regions for all measured endpoints, the findings did not always 

exhibit a dose-response and were not always consistent in males in femctlcs. In addition. the changes i·1 

mRNA and protein transcription should not necessarily be considered adverse. The RI'C, by definition. is 

based on a critical effect that considers adverseness. and may result in functional or structural impairment 

or be a precursor state to irreversible toxicity (US EPA, 1990). US EPA defines the "critical effect" as 

"the first adverse effect. or its 1-.nown precursor, that occurs to the most sensitive species as the dose rate 

of' an agent increases" (US EPA. 2002). Therefore. the selected effect should be a critical effect on a 

causal patlnvay to disease. In determining a critical effect. it is important to acknowledge distinctionc.. 

between adverse unci adaptive effects. Adaptive effects may enhance an organism's performance. 

whereas an adverse effect impa irs performance (Strawson el al .. 2004: 13arnes and Dourson, 1988; 

Conolly, 2009: Goodman el a/ .. 20 I 0). l"he toxicological signi ficancc of changes in mRNA and protein 

synthesis reported in the Erikson t'l a!. (2005) study are unknown, could potentially be adaptive. and 

therefore should not be considered advcrsc. 
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